Abstract-Fluid
I. INTRODUCTION
In a fluidized bed bio-reactor can be classified by P. Ghosh et. al (1996) into 3 categories. In the first case the solid phase contains the enzyme immobilized on its surface or entrapped inside it and the immobilized enzyme catalyses the bio chemical reaction. The liquid phase contains the substrate to be converted to product. In the second type of FBBR, the solid phase is a microbial floc which are kept in fluidized state by the upward flow of the medium. In these lower type reactors washout of flocs is minimized by having an expanded sections and an internal settler at top of the reactor. Due to this expanded sections superficial liquid velocity at the top of the rector decreases and hence the flocs settle back into the reactor without getting washed out. Also increase in floc diameter due to its growth increases its settling velocity and this helps in retaining it the bio-rector. In the third type, the microorganism grows as a film on media particles. The media particles usually clay or sand or other inert materials offer very high surface area for the biomass to grow as bio film. In this type a supported film FBBR higher upward flow velocity of the fluid can be employed compared to microbial floc bio rectors because the inert solid material increases the composite density of bio particles. However, during operation due to microbial growth, overall density of bio particle decreases with time which usually leads to washout of the over -grown bio particles. Under these circumstances these over-grown bio particles are intentionally washed out of the bio rector and by using a mechanical device, the biomass is separated from the inert media and the inert media returned to the bio rector where as the separated bio mass is washed as excess sludge. FBBR can be classified as aerobic or anaerobic reactors, aerobic reactors require oxygen and depending upon this they can be classified as two phase or three phase FBBR. In a three phase FBBR, bed of solids is fluidized by the co-current flow of a liquid and a gas. The liquid forms a continuous phase and the gas is a dispersed bubble phase. 
A. Characteristics of fluidization
Once the bed is fluidized, the pressure drop across the bed remains constant but the bed height continues to increase with increasing flow (Figure. 2). More over, biochemical reactions are slow and require high residence time. This control the linear velocity of the fluid to lower ranges, where it sufficient to fluidize the particle and prevents egglomeration. Generally in the supported film FBBR, the superficial velocity is always maintained slightly above the minimum fluidization velocity or media used. This indirectly creates shear on the bio particles and hence allows the development of bio-film on the inert particle. 
B. Bioparticles
Physical properties of Bioparticles such as size, shape and density, change dramatically as biomass accumulates on the support particle surface. These changes directly affect the hydrodynamic behavior of the percales in a biological fluidized bed reactor and, subsequently, reactor performance. There fore, knowing the biofilm properties is vitally important for design and operation of biological fluidized beds. Biofilm dry density is the bulk dry density of the attached biomass, calculated as the attached dry mass per unit wet biofilm volume. The biofilm dry density depends on the type of microorganism, type of substrate and substrate loading rate, thickness of biofilm and other environmental conditions. 
C. Objectivities and aim

A. Experimental set-up
The experimental set up for investigating the fluidization characteristics for bio chemical process has been presented as a line diagram in Figure 3 . The Test fluidization column consists of copper tube of 120 cm length and having a diameter of 10.16 cm. The column was fitted with a calming section having the same diameter as that of the test column and a distributor sandwitched between the column and calming section by means of flanges. The test column was heated externally by means of a kanthal resistance coil (6 kilowatt rate & 18 gauge) wound on the column and controlled through a voltage regulator. The 18 gauge kanthal wire having a total capacity of 6 k.w was wound with equal spacing over six slotted asbestos r. The strip were placed vertically over the test column, so as to keep the coil away from the column. The input and output terminals on the column winding were so selected as to divide the coil in the sections with a provision to yield 3 kw energy in each section. This is also provides uniform distribution of the kanthal energy generated. Three copper constantan thermocouples fixed on the test column by brazing them in the grooves etched on the surface , at 3 different places, so as to measure at 3 wall temperature check the uniformly of the wall temperature. These thermocouples were connected to a Honey-Well Brown strip chart recorder with ¼ sec pen speed through a selector switch. The reference point in all case was ice point, provided by placing the ice in thermoflask.
B. Distributor design
The distributor was constructed by brazing 2 copper plates of 0.32 cm thick on either side of a 1.9 cm long copper tube of 10.16 cm diameter to form a chamber having the same diameter as that of the test column. After drilling holes in the distributor section uniformly 0.32 cm copper tube of 2.54 cm length were inserted and brazed to allow the fluid from the calming section to pass through to the test column without entering into the distributor section. Holes of diameter 0.06 mm were drilled on the upper plate of the distributor in between the spacing left after fixing of the 2.5 cm long copper tubes. 4 pots were provided at the side of the distributor chamber for admission of air into the test column. The arrangement enables independent of each fluid directly to the test column. A brass wire screen of 100 mesh was spread over the distributor so as to prevent the particals weeping in to the calming section through the water inlets. An overflow chamber 15.24 cm diameter was provided at top of the test column a wire mesh cylinder was used to prevent any solid paricals coming with exit stream from a test column. The out coming fluid collected in the chamber and led to a storage time through a 5.08 cm outlet tube.
A Beckman thermometer was placed the test column just at the termination of the heating section for measuring the outlet fluid temperature in the test column.
A glass column having the same diameter and length as the test column was provided to observe the fluid bed conditions existing in the test column. The glass column has a similar distributor and a calming section as the test column.
An overflow chamber of 10.16 cm diameter and 50 cm long, made of copper was fitted on the top of the glass column to allow for the variations in the bed height during the adjustment of flow rates of the fluids. The overflow chamber has a provision to introduce solids in the glass column. The outgoing fluids forms the glass column were let to the storage tank. Figure.3 
IV. RESULTS AND DISCUSSION
A. Minimum Fluidization velocity (Umf)
Minimum Fluidization velocity (U mf ) has been calculated by making a force balance across the fluidized bed.For biological flocs and supported bio-film, the factors namely ρ s , € mf and Φ s varies with shape of the flocs, diameter of the flocs and nature of the bio-particals are observed. At the incipient fluidization, the minimum porosity ε mf . Thus, from the literature by P. Ghosh et.al(1996) as follows.
Ergun Equation for pressure drop across the packed bad gives
Combining Equations (1) and (2) It is also suggested that fluidized beds can be operated at velocities much higher than the minimum fluidization velocity but is limited by the terminal or free fall velocity of the particles.
B. Terminal or Free Settling Velocity
Free settling velocity of a particle is given by 
C. Bed Stratification Characteristics
It is observed that the microbial flocs and supported bio-film, the terminal or free settling velocity of the Bioparticle changes with time. This is attributed for due to merely biomass growth. The authors calculated the N Re,p lies in between 1.0 to 400, where most particles of behavior is observed.
In searching for alternate and appropriate method under these circumstances, the authors compared with Andrews equation ( It is concluded that for heavy support particles (β«1), growth of biomass decreases the terminal settling velocity. This results in bed stratification. However, for flocs (β=1) growth always increases settling velocity.
V. CONCLUSIONS
In case of biological flocs and supported biofilms, since the factors sphericity, minimum bed porosity and density of solid changes with diameter, shape and composite nature of the bioparticle, the minimum fluidization velocities are often found to have large deviations.
Fluidized beds can be operated at velocities much higher than the minimum fluidization velocity but is limited by the terminal or free fall velocity of the particles.
Microbial flocs and supported biofilm, the terminal settling velocity of the bioparticle changes with time due to biomass growth.
It can be seen for heavy support particles (β<<1), growth of biomass decreases the terminal settling velocity. However, for flocs (β=1), growth always increases settling velocity.
